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Song Variability in the American Redstart (96 pp.)
Director: Richard L. Hutto
The songs of the American Redstart (Setophaga ruticilla) are 
more variable in form than previously thought. Only two major 
types of songs were formerly described for this species; however,
I was able to describe 20 types .
I examined the hypothesis that some song types were sung more 
often in some situations than in others and found no significant 
associations between the use of a particular song type and the 
time of day, height of the singing bird, amount of green 
vegetation in a bird's territory, or its general behavior.
Previous workers have suggested that the use of a particular 
song type results from a certain motivation or internal state 
within the singer. However, since redstarts alternate song 
types within a singing bout and there are so many different 
types, it may be more reasonable to view the large number of 
song types to be a result of selection for variability itself, 
although the advantage of this kind of variability is unknown 
for this species .
American Redstart songs may also vary in sound frequency (pitch) 
I examined the hypothesis that differences in the pitch of songs 
reflect differences in the amount of green vegetation at the 
locations of the singers and found that the songs sung by birds at 
locations characterized by dense green vegetation were lower in 
pitch than were those sung by birds at less dense locations. 
Similarly, redstarts concentrated their singing activity at the 
heights where there was the least amount of green vegetation.
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Chapter I 
INTRODUCTION
Song is an important means of communication for many species of 
birds. An interesting feature of the songs of most species is that they 
vary in acoustic structure. Often this variability is discontinuous, 
allowing different "song types" to be identified. Variability in the 
number and form of song types a species possesses may exist at any of 
several organizational levels.
When the variability occurs at the population level, i.e., when 
there are consistent differences in the use of song types by the indi­
viduals of one population relative to another population, a species can 
be said to have "song dialects." Many species have dialects, most nota­
ble among these are the White-crowned Sparrow (Marier and Tamura 1964, 
Baker 1975, Baptista 1975, 1977, Heinemann 1981), the Cardinal (Lemon 
1966), the Rufous-collared Sparrow (Nottebohm 1969, 1975) and many of the 
species of Darwin's finches (Bowman 1979). The functional significance 
of dialects is an unresolved question (see review in Krebs and Kroodsma 
1980) but many hypotheses have been suggested. The Kin Association Model 
(Treisman 1978) suggests that dialects may reflect relatedness of indi­
viduals and that there would be some advantage to nest near relatives, 
perhaps due to reduced aggression. In any case, dialects may be used as 
a cue to the presence of kin. Dialects may also function to restrict 
gene flow between populations that are genetically adapted to local
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
conditions (Nottebohm 1969). The mechanisms by which gene flow would be 
reduced could be a preference by females for males with songs similar to 
those in their natal location, or a preference by males for establishing 
territories in areas where others are singing songs similar to their own. 
Finally, certain features of the songs in particular dialects may reflect 
adaptations to the acoustical environment in which they occur (Bowman 
1979).
Variability in song types may also occur among individuals of one 
population. Individual Ovenbirds (Lein 1981) and Sage Sparrows (Wiens 
1982) each sing one song type that is often different from that of other 
individuals in the population. Interindividual differences may facilitate 
recognition of individuals, as has been demonstrated in Rufous-sided 
Towhees (Richards 19 79), Ovenbirds (Weeden and Falls 1959), Common Yellow- 
throats (Wunderle 1978), White-throated Sparrows (Brooks and Falls 1975) 
and other species (Emlen 1971, V emer and Milligan 1971, Harris and Lemon 
19 76, Falls and d'Agincourt 1981).
In addition to variation on the interpopulation and interindividual 
levels, there is variation among species in the number of song types sung 
by single individuals. All of the song or syllable types that one bird 
sings constitute its song repertoire. Mockingbirds have up to 150 
"syllables" (song types) in their repertoires (Howard 1974), while other 
birds such as the Blue-winged Warbler (Kroodsma 1981) may have only two 
song types per individual.
Many hypotheses regarding the function of repertoires of songs have 
been mentioned in the literature (see reviews of Smith and Reid 1979,
Krebs and Kroodsma 1980, Slater 1981). In general, variable song 
repertoires are thought to increase the efficiency of either male-male
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
interactions, or male-female interactions. The suggested probable mecha­
nisms by which repertoires facilitate these interindividual interactions 
include the following:
a) Larger repertoires may stimulate greater reproductive activity 
in females. Female canaries exposed to playback of large repertoires 
built their nests at a greater speed and laid more eggs than did those 
exposed to smaller repertoires (Kroodsma 1976).
b) Females may show a preference for males with larger repertoires. 
In some species, the males with larger repertoires pair earlier in the 
breeding season than do those with smaller repertoires (Howard 1974, 
Catchpole 1980, Yasukawa et al. 1980), suggesting that the females select 
males with the more variable songs. In some of these cases, however, 
repertoire size is correlated with territory quality or reproductive 
experience or both and the females may actually be responding to these 
factors instead of repertoire size.
c) Males with larger repertoires are more successful at territorial 
defense. This is implied by the fact that in some species repertoire 
size is correlated with territory quality or size (Krebs 1977, Yasukawa 
et al. 1980). There is also experimental evidence for this fucntion of 
repertoires in Great Tits and Red-winged Blackbirds (Krebs et al. 1978, 
Yasukawa 1981). Territorial males were removed and replaced by loud­
speakers broadcasting "repertoires” of various sizes. Those territories 
from which larger repertoires were broadcast were recolonized after a 
longer period of time than were those from which smaller repertoires were 
broadcast.
d) Larger repertoires may reduce habituation in the listeners, as 
suggested by the Monotony-Threshold hypothesis (Hartshorne 1956, 1973).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
In many of the species with interindividual differences in repertoire 
size, those individuals with larger repertoires sing more continuously 
than do those with smaller repertoires (Verner 1975, Kroodsma 1975, 
Kroodsma and Verner 1978, Groschupf and Mills 1978). The ability to sing
more often and with greater variety could increase the effectiveness of
whatever functions there may be for song.
e) More information about the singer could be communicated by multi­
type repertoires. Certain activities have been associated with the use of 
certain singing patterns in the Yellow-throated Vireo (Smith et al. 1978) 
and certain song types have been shown to be associated with different 
motivations or internal states in some warblers (Ficken 1962, Morse 1966, 
Ficken and Ficken 1970, Lein 1978).
f) A repertoire of song types may contain some songs that reflect
adaptations to the acoustic environment. An individual may sing these 
types more often in certain environmental situations. This hypothesis is 
based on recent work on the effects of environmental parameters on the 
propagation of sound and how these effects may be of significance in 
animal communication (Chappuis 1971, Morton 1975, Marten and Marier 1977, 
Waser and Waser 1977, Wiley and Richards 1978). If certain song types 
contain features that make them better suited for travel through dense 
vegetation, for example, then perhaps an individual will use those types 
more often when it is in the denser sections of its territory. A reper­
toire containing songs that carry well through the atmosphere would 
increase the efficiency of both male-male interactions and male-female 
interactions.
In addition to the specific song types that may reflect adaptations 
to the acoustic environment, there are other aspects of songs that may
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
vary as a result of adaptation to environmental conditions. One such 
aspect is the sound frequency (pitch). It has been reported that the 
presence of green vegetation in the environment through which a sound is 
propagated negatively affects the distance the sound can travel before 
it loses its broadcast integrity (Morton 1975, Marten and Marier 1977, 
Wiley and Richards 1978). Sounds of a lower frequency suffer less from 
this effect than do those of a higher frequency.
In this study I describe the song variation both within and between 
individual American Redstarts (Setophaga ruticilla) at several locations 
in western Montana. I test the hypothesis that the use of song types is 
independent of temporal, environmental and behavioral situations. I also 
test the hypothesis that changes in song frequency characteristics are 
associated with differences in habitat features.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Chapter II 
MATERIALS AND METHODS
Study Sites
I selected 3 sites near Missoula, Montana, (46°52'N, 113^59*W) and 
one site 100 km to the north of Missoula as primary study areas. I chose 
them because each appeared to be different from the others with respect 
to the vegetation structure.
Greenough Park (GR). Greenough Park was an area of complex, mature 
deciduous forest that bordered Rattlesnake Creek within the city limits 
of Missoula. The ground, low shrub and high shrub vegetation was dense 
except for a few small clearings and where there were trails. Overall, 
there was a fairly continuous canopy cover provided by mature cottonwood 
(Populus trichocarpa) and scattered ponderosa pine (Pinus ponderosa).
The high shrub layer was dominated by mountain ash (Sorbus epucuparia), 
Rocky Mountain maple (Acer glabrum) and paper birch (Betula papyrifera) . 
The prominent species at the low shrub level included two rose species 
(Rosa woodsii and R. gymnocarpa), mock orange (Philadelphia lewsii) and 
choke cherry (P run its melanocarpa) .
Lower Rattlesnake (LR). Lower Rattlesnake was located approximately 
3 km north of Greenough Park and also bordered Rattlesnake Creek. Lower 
Rattlesnake had fewer cottonwoods and a more open canopy than Greenough 
Park. The vegetation below the canopy was in some sections as dense as 
at Greenough Park; but there were also more clearings, thus creating an
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
effect of more openness to the environment. The dominant plant species 
were the same as at Greenough Park, with the addition of alder (Alnus 
tenuifolia) at the high shrub level.
Pattee Canyon (PC). Pattee Canyon, located approximately 6 km south­
east of Missoula (46*^50'N, 113°55'W) contrasted sharply with the first 
two sites. The site consisted of a narrow linear strip of riparian habitat 
surrounded by habitat unused by the redstarts (clear-cut to the west and 
ponderosa pine forest to the east). There was no canopy cover within the 
microhabitat where the redstarts concentrated their activities. The vege­
tation at the ground, low shrub and high shrub levels was dense and the 
predominant shrub species were alder. Rocky Mountain maple, and elderberry 
(Sambucus sp.).
South Forty (SF). The South Forty was a 25 ha parcel of deciduous 
forest owned by the University of Montana and located on the south shore 
of Flathead Lake (47°42'N, 114°3'W), Lake Co., Montana. The habitat was a 
dense aspen forest with very thick vegetation at low shrub and ground 
levels, a continuous canopy, and little vegetation at the high shrub level. 
However, there were several breaks in the forest canopy where tall shrubs 
were dense. Adult male restarts were found in these dense areas. The 
most prominent tree species was aspen (Populus tremuloides). The prominent 
shrubs were chokecherry, serviceberry (Amelanchier sp.), paper birch, alder 
and hawthorn (Crataegus sp.).
I also recorded limited numbers of songs from redstarts at four 
other sites. Schroeder Ranch (SR) (46°43'N, 114°5'W), which bordered the 
Bitterroot River 20 km south of Missoula, was composed of several different 
microhabitat types ranging from locations with a low semi-continuous canopy 
of aspen and only medium density low and high shrub layers to patches of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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dense low and high shrubs with no canopy layer. The Upper Rattlesnake 
(UR) site consisted of dense low and high shrubs with little canopy cover. 
Lolo Creek (LC) (46^44'N, 114°20'W) was a linear shrub habitat bordering 
Lolo Creek. The University of Montana Biological Station (BS) bordered 
the east shore of Flathead Lake. Redstarts here occurred in aspen forest 
with dense ground cover but fairly open low and high shrub layers.
Field Recordings and Observations
I recorded male American Redstarts in adult plumage at each of the 
study areas. The birds were not banded but were recognizable by distinc­
tive patterns of coloration, as illustrated by the three birds shown in 
Figure 1. I used eight of the males for intensive study, recording them 
as much as possible. Thirty additional males were recorded on only one 
day each. I made tape recordings of songs with a Uher Report-L reel-to- 
reel recorder set at a speed of 19 cm/sec. The parabolic microphone was 
a hand-held Gibson Model P-200, I used several brands of magnetic tape.
The manner in which I selected a bird to record was arbitrary.
I went to a study area, listened for singing redstarts and tracked one 
down until it was in view. I recorded it continuously until it either 
stopped singing or moved out of sight. I then waited until it was in 
view again and continued recording. If it did not come into view after 
a short time, I moved on and recorded a different bird. On subsequent 
days I returned to an area and attempted to record the same individuals 
that had previously been recorded and identified. I selected one of these 
birds, went to its territory, and if it was not already singing, waited 
for it to begin. If it did not sing after a short time, I went to 
another bird's territory in order to record it.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1. Three individuals from the Lower Rattlesnake study area; each 
was recognizable by its characteristic pattern of black coloration on the 
breast.
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I made no attempt to begin recording only at either the very begin­
ning of a singing bout or after a certain number of songs because it was 
very difficult to determine when a song bout actually began or ended.
Any bias thus introduced is unknown.
Some birds were recorded on only one occasion for any of several 
reasons: 1) I never saw the bird again; 2) it was in an area.I visited
only once; or 3) it had no distinguishing marks.
I noted the temporal, environmental, and behavioral contexts for 
most songs. The temporal context was defined as the time of day at which 
a song was recorded. I noted the time at the beginning of each recording 
session and every hour thereafter. These times were later grouped into 
categories for data analysis. I used two different groupings: l) Scheme
A: sunrise to 0900; 0900 to 1800; 1800 to dark, 2) Scheme B: sunrise to
0900 plus 1800 to dark ; 0900 to 1800. I did not note the state of the 
nesting cycle for most of the birds because I was rarely able to find a 
nest.
The environmental contexts I noted for each song were: weather con­
ditions, height of the singing bird, and vegetation density at its sing­
ing location. I chose these factors because of their documented effects 
on sound attenuation (Morton 1975, Marten and Marier 1977, Wiley and 
Richards 1978).
I noted the weather conditions at the beginning of each recording 
session and later if there were any significant changes. The parameters 
about which I took information were: air temperature (in 10°F categories),
relative amount of wind (calm (< 1 mph), slight breeze (approx. 1-7 mph), 
windy (approx. 7—25 mph), extremely windy (> 25 mph)), and the 
relative amount of cloud cover (clear, partly cloudy, mostly cloudy, 
overcast).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Absolute height was measured in meters above the ground. Height 
above ground was estimated by eye and recorded as: 0-1 m, 1-2 m, 2-5 m,
5-10 m, > 10 m. I chose these height categories to correspond to those 
used by Marten and Marier (1978) in their study of the attenuation of 
sounds emitted from different heights. I had to use the larger categories 
of 0-5 m, 5-10 m, > 10 m, for data analysis, however, because of the small 
number of observations of redstarts singing at heights of less than 2 m.
Relative height was recorded as the height of the singing bird with 
respect to the top of the tree or shrub in which it was located. This 
was recorded in terms of percent distance up a tree or shrub and is a 
measure similar to that used by Morse (1967). I originally took measure­
ments in 10% intervals but later lumped them into larger categories for 
analysis: 5-30%, 35-65%, 50-85%, and 90-95% (the tops of trees or
shrubs).
I recorded two measures of vegetation density at a bird's location. 
The first (BVEG) was measured by estimating by eye the percent volume 
occupied by green vegetation contained within a 0.3 m diameter sphere 
surrounding the singing bird. The data were recorded as belonging to one
of six categories: no green vegetation, 1-20%, 21-40%, 41-60%, 61-80%,
81-100% volume occupied.
The second measure of vegetation density involved adaptation of a 
more conventional method of recording the percent cover by green vegeta­
tion at four height levels (James 1971). For each song recorded I used 
the location of the singing bird as the center of a circle 20 steps 
(approx. 10 m) in diameter. From this center, I walked ten steps in each 
of four cardinal directions and stopped after each step to record the 
presence or absence of green vegetation at each of the height levels. I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
12
then added up the number of steps at which green vegetation was present 
and summed the measures from all directions in order to calculate an 
average. I defined the height categories as: ground (approx. 0-0.5 m),
low shrub (approx. 0.5-1.5 m), high shrub (approx. 1.5-5.0 m), and canopy 
(usually greater than 10 m ) . This procedure gave me a single estimate 
of percent vegetative cover at each height level in the vicinity of the 
singing bird, Ity data analysis involved the use of only two categories 
of the percent vegetative cover measures at each height level: LOW
(0-50% cover) and HIGH (51-100% cover).
I noted the behavioral context (sitting or foraging) while the bird 
was singing.
Song Analyses
I made both narrow and wide band-width sonagrams for each of 1400 
songs, using a Kay Elemetrics Vibralyzer 7030A type 1-16,000 Hz Spectrum 
Analyzer. The frequency range was set at either the 80-8,000 Hz or the 
160-16,000 Hz level, depending on the highest frequency of the song being 
sonagrammed. The mark level was set at 2.5.
The following terms are used in the text:
Note : short, uninterrupted sound as represented by a continuous
tracing on a sonagrara (Fig. 2).
Phrase : combination of notes or syllables in one portion of a song
that is set off, or different, from another portion of the song (Fig. 2).
Song Type : any of several distinct forms of songs within which there
is very little variability of either note and syllable shape or overall 
song structure.
Syllable : uninterrupted complex sound; or a combination of sounds
that may be repeated as a unit (Fig. 2),
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2. Tracings of sonagrams of song types 03 and 18. Designations 
used for different parts of a song are indicated.
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. I used the sonagratns to aid in the classification of song types. I 
made discriminations by visual comparison of individual note and syllable 
shape and overall song structure (e.g., the number of phrases comprising 
the song). I used four main criteria to classify song types. The first 
was a consideration of the presence or absence of song forms with the 
same overall structure as other forms but with notes or syllables inter­
mediate in shape between those in the other forms. If present, all the 
forms were considered to be variants of a single song type (Fig. 3). If 
intermediates were absent, the forms being compared were each considered 
to be distinct types. Secondly, if there was less variability in note or 
syllable structure (determined by visual inspection) within one group of 
songs than there was between that group and any other group, then all 
songs in that group were considered to belong to a single song type. 
Thirdly, in some cases the variability in note or syllable structure with­
in one song form was less than that between that form and another but the 
differences were very slight and the overall song structure was very 
similar. These two song forms were then called variants of one type 
(Fig. 4). I used a fourth criterion when two songs were very similar.
If, within one singing bout, one individual sang both songs and they re­
mained characteristic in form, then each was considered to be a separate 
song type because the bird was singing each in a stereotyped fashion.
This fourth criterion has also been used by others (Kroodsma 1971,
Slater and Ince 19 79).
Most of the songs I recorded were different enough from each other 
to make classification decisions easy. However, there were some cases 
where the distinctiveness of certain song forms was less obvious. For 
example, the two songs shown in Figure 5 are similar in that their
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 3. Three variants of song type 25. Each was recorded from a 
different individual.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 4, Two variants of song type 03, showing slight differences 
in shape of the syllables and notes. Each was recorded from a 
different individual.
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Figure 5. Similar songs that were classified as distinct song types.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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overall structure is the same, i.e., they are both repetitions of like 
syllable types without a differently structured ending. The structure 
of the syllables making up the songs is also similar in both. I found 
no songs with syllable types intermediate in shape to these, the differ­
ences between them were greater than those within each, and both were 
sung by one individual. I therefore classified them as separate types. 
Similar methods of song type discrimination have been employed by Slater 
and Ince (1979) and Kroodsma (1971).
I also discriminated groups of similar song types. The groupings 
were based on a sharing of the same overall song structure and similarities 
in the shape of the notes or syllables, as observed on the sonagrams.
Overall song structure is described as the general form of the song, i.e.,
whether the song had more than one phrase, whether it ascended or de­
scended in pitch, or whether the syllables comprising the song differed
from each other with regard to the range of frequencies they covered.
Discrimination of song types and groups by visual inspection is a 
subjective method and prone to possible inconsistencies. However, the 
only truly objective method would be to digitize the songs and subject 
this information to a computer analysis (Soucek and Vencil 1975,
Pickstock et al. 1980). Use of the equipment for such an analysis was 
not available to me.
I recorded the following parameters for each song by taking measure­
ments from the sonagrams: minimum frequency (Fig. 6). Maximum frequency
(Fig. 6), range of frequency (Fig. 6), midpoint frequency, and number of 
notes or syllables in the song. I determined the midpoint frequency by 
subtracting the minimum frequency from the maximum, dividing this by two 
and adding that amount bo the minimum frequency. I used a plexiglass
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 6. Illustration of how measurements of frequency parameters 
were taken from the sonagrams. (A) Minimum frequency of songs,
(B) Maximum frequency of song, (C) Range of frequency of song,
c(D) Midpoint frequency of song = —  + A.
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sheet etched with lines at 500 Hz intervals to facilitate measurements of 
sonagrams done at the 80-8,000 Hz setting, I used the calibration lines 
printed directly on the sonagrams by the sonagraph in order to measure 
frequencies of songs in the 160-16,000 Hz range.
Statistics
I looked for associations between song type and temporal, environ­
mental and behavioral contexts with the CROSSTABS program of SPSS (Nie 
et al. 1975). This program compiles joint frequency distribtuions of 
variables. The statistical independence of these variables is then 
tested with a Chi-square test of independence. Several measures of 
association between variables can also be calculated with this program, 
allowing one to analyze the strength of any significantly dependent 
variable. I utilized three of these measures: (l) Lambda, which
measures the percentage of improvement in ability to predict the value of 
the dependent variable when the value of the independent variable is 
known, (2) the Uncertainty Coefficient, which is the proportion by which 
uncertainty in the dependent variable is reduced by knowledge of the 
independent variable, and (3) Cramer's V, which measures the strength of 
an association, where a value of 1.0 indicates a "perfect" associative 
relationship.
I used only seven individuals for the analyses of association between 
song type and the temporal, environmental and behavioral contexts because 
these were the birds that I recorded most often. This group of birds is 
referred to as Subset A.
I analyzed the changes in frequency measures of songs in association 
with changes in vegetation density by using a t-test and analysis of 
variance (SPSS programs T-TEST and ANOVA, respectively).
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I calculated indicies of similarity in order to determine the degree
of sharing of song types by different pairs of study areas. I used the
following formula (from Odum 1971):
2C
Index of similarity = S = ^ -
A = the number of song types at area A
B = the number of song types at area B
C = the number of song types common to both areas.
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Chapter III 
RESULTS
Descriptions of Song Types
The American Redstart in western Montana has many different forms of 
"male advertising song.” I found among the 38 birds I recorded, 20 dif­
ferent forms distinct enough to be classified as separate song types 
(Figs. 7-15).
The major way in which song types differed from each other was in 
the shape of the syllables comprising a type. There was virtually no 
sharing of syllable types between song types, although there were 
similarities in shape in a few instances (see Fig. 10).
On a broader scale, there were nine groups of similar song types 1 
identified both aurally and with the aid of sonagrams.
Group A song types consisted of series of syllables that were all 
alike in shape and range of frequencies covered. The shape of the sylla­
bles of the different types in this group were similar in that they de­
scended in frequency from the beginning of the syllable towards the end 
and had a section in the middle with a small increase in frequency before 
descending again (Fig. 7).
Group B types consisted of syllables that were all the same basic 
shape but that increased in range of frequency covered towards the end 
of the song (Fig. 8).
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Figure 7. Song types comprising group A,
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Figure 8. Song types comprising group B
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Figure 9. Song types comprising group C
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Figure 10. Song types comprising group D,
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Figure 11. Song type comprising group E
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Figure 12. Song types comprising group F,
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Figure 13, Song type comprising group G
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Figure 14. Song types comprising group H
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Figure 15. Song type comprising group I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
00ro
UJ
CL
>
H
r-N  00 X
nr
(O
I T "CM
- Q
CO
ozo
UJ
CO
s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
32
Group C was similar to group A in that the types were composed of 
syllables, alike in shape and range of frequencies. This group differed 
from group A in that the syllables began at a low frequency, ascended to 
a high frequency in the middle, and then descended in frequency towards 
the end of the syllable. The syllables were also more closely spaced 
than those of song types in group A (Fig. 9).
Group D consisted of types made up of a series of like syllables. 
There were two notes in each syllable: an ascending note followed by a
descending one. Both were simple in structure and were pure tones (Fig. 
10).
Group E included only one type. It was composed of a series of 
similarly shaped, simple notes followed by a lower frequency, louder 
syllable at the end (Fig. 11). This was very similar to the Accented 
Ending Song described by Ficken and Ficken (1970).
Group F songs were repetitions of like phrases that were made up of 
two syllables. These phrases consisted of one syllable that covered a 
broad frequency range and one that covered a narrow range. The wide- 
range syllable was a descending one and the narrow-range syllable an 
ascending-descending one (Fig. 12).
Group G included only one type. It was described as a series of one 
syllable type with an ending that consisted of a differently shaped note 
that was whist le-like in quality, much higher in frequency than the rest 
of the song and of a lesser intensity (Fig. 13).
Group H songs consisted of two parts, approximately equal in length 
(but with the first phrase a little longer than the second). The first 
phrase was a series of like syllable types of a fairly broad frequency 
range. The second phrase was a series of simple notes that covered a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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much narrower frequency range and that had an end note of a broader 
range than the other notes in the phrase (Fig. 14).
Group I included only one type. It was composed of two phrases, 
each a series of 2-note syllables (Fig. 15).
Song types also differed with respect to characteristics other than 
note shape and overall song structure. The number of notes or syllables 
in a song ranged from 3 to 10. The mean number of notes or syllables per 
song varied widely among song types (Table 1). Each syllable that was 
uninterrupted was counted; but if it contained more than one note, each 
note was counted.
Frequency measures also differed among song types. The mean minimum 
frequency ranged from 2.8 to 5.3 KHz and mean maximum frequency ranged 
from 6.7 to 9.0 KHz (Table 1). Some song types were higher pitched than 
others, a fact reflected in differences among mean midpoint values for 
different types, which ranged from 5.0 to 6.6 KHz (Table l). Finally, 
some song types covered a wider range of frequencies than did others, 
ranging from a narrow 2.7 KHz to a wide 5.0 KHz (Table 1).
Distribution of Song Types
Geographic distribution. There was no discernible pattern of song 
type distribution among the study sites (Table 2). Four of the 20 types 
were recorded in only one site each. In contrast to the uncommon types, 
three song types occurred in six of the eight areas, and one occurred in 
five areas. The average number of sites in which I recorded a particular
song type was 3.0.
There was no correlation (r = 0.10, P > 0.05) between the degree of 
sharing of song types between sites and the map distance separating them
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Table 1. Mean values (+sd) of frequency measures (in KHz) and the mean number (+sd) of notes 
for each of the 20 song types.
Song types
01 20 02 08 09 10 07 11 13 14
Minimum
frequency
3.1
(0.2)
3.3
(0.1)
3.3
(0.1)
3.5
(0.2)
3.3
(0.2)
3.6
(0.3)
3.4
(0.1)
5.2
(0.4)
3.8
(0.3)
4.8
(0.1)
Maximum
frequency
7.0
(0.5)
7.3
(0.4)
7.4
(0.2)
8.6
(0.3)
6.9
(0.2)
8.3
(0.2)
6.8
(0.2)
8.0
(0.3)
8.6
(0.4)
8.7
(0.1)
Range of 
frequency
4.0
(0.6)
4.0
(0.4)
4.1
(0.2)
5.1
(0.4)
3.6
(0.3)
4.7
(0.3)
3.4
(0.2)
2.8
(0.4)
4.9
(0.2)
3.9
(0.2)
Midpoint
frequency
5,0
(0.2)
5.3
(0.2)
5.3
(0.1)
6.0
(0.2)
5.2
(0.1)
6.0
(0.2)
5.1
(0.1)
6.6
(0.2)
6.2
(0.3)
6.7
(0.1)
Number 
of notes
9.7
(6.7)
5.0
(0.2)
7.7
(2.8)
4,3
(0.7)
3.6
(0.7)
8.2
(1.1)
6.7
(0.9)
8.2
(0.9)
4.9
(0.7)
4.2
(0.5)
N (of songs) 32 40 24 81 53 48 111 61 28 53
N (of birds) 8 2 3 3 5 4 2 5 4 3
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Table 1 continued.
Song types
15 16 22 18 26 31 25 03 47 38
Minimum
frequency
4.4
(0.3)
3.6
(0.3)
3.5
(0.2)
4.4
(0.2)
4.1
(0.3)
3.3
(0.2)
3.9
(0.3)
3.3
(0.4)
3.6
(0.2)
3.4
(0.4)
Maximum
frequency
8.1
(0.4)
7.6
(0.6)
7.5
(0.4)
8.5
(0.2)
8.7
(0.5)
7.5
(0.2)
9.0
(0.3)
7.8
(0.2)
7.9
(0.3)
6.9
(0.3)
Range of 
frequency
3.7
(0.5)
4.0
(0.7)
4.0
(0.3)
4.1
(0.2)
4.6
(0.3)
4.2
(0.3)
5.0
(0.6)
4.5
(0.5)
4.3
(0.4)
3.5
(0.7)
Midpoint
frequency
6.3
(0.2)
5.6
(0.4)
5.5
(0.3)
6.5
(0.1)
6.4
(0.4)
5.4
(0.1)
6.5
(0.2)
5.6
(0.2)
5.8
(0.2)
5.2
(0.2)
Number 
of notes
5.8
(7.9)
5.5
(0.9)
8.0
(1.3)
5.9
(0.3)
8.3
(0.6)
8.1
(0.8)
7.3
(1,6)
10.2
(13,3)
7.6
(0.7)
7.4
(0.5)
N (of songs) 85 49 85 33 42 16 18 232 21 7
N (of birds) 10 8 4 6 3 3 8 9 1 1
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Table 2. Distribution of song types among study sites. The values 
indicate the proportion of all songs at that site represented by 
that type.
Song ________________ Study sites*_________________  Number of
type GR SR PC LR SF BS LC UR sites
01 .02 .09 .11 .01 .06 .06 6
20 .10 1.0 2
02 .07 .12 2
08 .21 .14 2
09 .01 .23 .11 .07 4
10 .01 .19 .24 3
07 .29 .01 2
11 .05 .02 .14 3
13 .02 .16 .07 .03 4
14 .01 .34 2
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(Fig. 16). The most similar were the South Forty and Lolo sites (Table 3), 
and these were over 100 km apart. Nearly as similar, though, were 
Schroeder Ranch and Lolo, only approximately 15 km apart. Conversely, 
the least similar sites (not including the Biological Station where I 
recorded only one bird) were Greenough Park and the Lower Rattlesnake 
and these were also closer together (6 km) than any other pair of sites.
Distribution among individual birds. Each redstart had from one to 
six song types in its repertoire (Table 4). The mean repertoire size of 
birds from which I recorded at least ten songs was 2.7 (N = 27). This is 
probably a slight underestimate. Because some songs were sung only rarely, 
one cannot be sure of recording all of the song types in a bird's 
repertoire.
Song types were not widely shared by individuals; none was common to 
more than 10 of the 38 birds I recorded (Table 5). Of course, only a few 
songs were recorded from some of the individuals, so some types may be 
more common. However, there were no types common to a majority of the 
birds. The mean number of. birds that shared a given song type was 4.6, 
and the range was 1 to 10.
No two birds that had repertoires of at least two types shared the 
exact combination of song types (Table 6); i.e., each bird had a unique 
repertoire of songs.
Pattern of Song Type Use by Individuals
Individuals that had more than one song type in their repertoire alter­
nated use of most of their song types within any one bout of singing 
(Fig. 17). Occasionally, however, a bird would sing several types in
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Figure 16. Similarity in composition of song types between pairs of 
sites versus map distance between sites.
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Table 3. Indicies of similarity indicating the 
degree of sharing of song types by pairs of study 
sites .
Study sites*
GR SR PC LR SF BS L UR
GR .36 .31 .27 .43 0 .43 .62
SR .48 .61 .54 0 .64 .50
PC .29 .31 0 .61 .53
LR .40 0 .40 .59
SF .25 .71 .50
BS 0 0
L .50
UR
*Abbreviations re fer to the study s ites des cribed
in the methods.
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Table 4. Repertoire sizes and the 
numbers of birds recorded possessing 
each size.
Repertoire size Number of birds
1 7
2 6
3 5
4 7
5 1
6 1
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Table 5. Number of individuals from which each song type was recorded.
Song type Number of individuals
01 8
02 3
03 9
07 2
08 3
09 5
10 4
11 5
13 4
14 3
15 10
16 8
18 6
20 2
22 4
25 8
26 3
31 3
38 1
47 1
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Table 6. Distribution and frequency of occurrence of song types among 
individual redstarts.
Song
Individuals
type 01 02 03 05 06 07 08 10 14 44 46 54 55
01 .25 .32 .63 .42
02 .33 ,39
03 .51 .46 .15 .23 .43 .38
07 .29 .31
08 .32 .21
09 .47 .16
10 .54
11 .01 .11 .04
13 1.0
14 .63 .19
15 .37 .16 .42
16 .33 .18
18 .42
20 1.0 1.0 
22 .56
25
26 
31 
38 
47
N 134 45 100 41 158 60 132 74 420 8 38 11 32
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Tab le 6 continued.
Individuals 
Song _____________________________________
type 61 64 65 66 67 68 69 72 73 74 76 77 78
01 .16
02 .27
03 .37
07
08
09 .43 .13
10 .32 .16
11 1.0
13 1.0
14 .29
15 1.0 1.0 .42
16 1.0 .32
18 .13
20
22 .71
25 .28 .14 .73 .08
26 1.0 .87
31 .14 .05
38 1.0
47
N 8 17 7 63 11 11 12 28 4 31 19 7 38
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Table 6 continued.
Song
Individuals
type 79 80 81 82 83 85 86 90 91 95 96 97
01 .14 .33 .36
02
03 .33 .14
07
08 .27
09 .25
10 .33
11 .27
13 .27 .14
14
15 .56 .17 .21 .38
16 .55 .75 .80 .07
18 .07 .75 .33 1.0
20
22 1.0 .21
25 .20 .25 .20 .07
26 .44
31 .45
38
47 ,62
N 15 9 5 4 11 3 1 8 41 15 14 37
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Figure 17. Examples of song type use within a song bout. Each letter 
represents a different song type.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
a. Bird 14
b. Bird 01
c. Bird 91
ABCBCBABCABBCABCACBCABCABCBC
DCDCDCDCDDC
EAFEFAFEFAFGGGGGGGGGG
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this alternating manner and then switch to a different type, singing it 
alone (Fig. 17, example c).
Some birds (most often those with two-song repertoires) sang their 
song types in equal amounts, but most birds sang them in unequal propor­
tions (Table 7). Usually a bird sang all of the songs in its repertoire 
in any one song bout; however, some songs of some birds (most notably 
Birds 14 and 01) were not recorded in combination with other song types; 
i.e., they were sung in a string of songs consisting of only that one 
type (Table 7).
Inter- and Intraindividual Variation Within a Song Type
I found very little interindividual variation in the shape of notes 
or syllables in most song types, even when I compared songs recorded at 
different study sites (Fig. 18). There were some types, however, for 
which I recognized minor variations. Most notable of these was type 18 
(Fig. 19). There was virtually no intraindividual variation in the notes 
or syllables from separate renditions of a given song type (Fig. 20).
In 12 of the 20 song types, the number of notes and syllables varied 
significantly among individual birds (Table 8). The number of notes and 
syllables associated with a given song type also varied considerably 
within individuals (Table 9).
Similarly, there was significant interindividual variation in the 
frequency characteristics of song types (Table 8) and considerable 
intraindividual variation in these characteristics (Table 9).
Contexts of Song Types
Temporal context. Song type and time of day (using both Scheme A 
and Scheme B classifications of time) were significantly associated when
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 7. Proportionate use of song types by 
individuals.
Bird Song type N Proportion of songs sung
01 03 69 .51
09 63 .47
11* __2 .01
134
03 03 46 .46
10 54 .54
100
05 01 10 .24
03 6 .15
07 12 .29
08 13 .32
41
06 14 99 .63
15 59 .37
158
07 13 60 1.00
08 01 42 .32
02 44 .33
14 25 .19
15 21 .16
132
10 03 17 .23
09 12 .16
15 31 .42
18 31 .42
91
14 03 181 .43
07 131 .13
08 90 .21
11* 18 .04
420
>e not sung in combination with other 
I a song bout.
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Figure 18. Song type 09 as sung by three individuals from three 
study areas. The song in A was from Pattee Canyon, B was from 
Schroeder Ranch and C was from the South Forty.
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Figure 19. Two variants of song type 18 illustrating minor variation 
in note shape. Each was recorded from a different individual. The 
song in A was recorded at Schroeder Ranch, the song in B was recorded 
at Lolo Creek.
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Figure 20. Song type 09 as recorded from the same individual 
(Bird 01) on separate occasions.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 8. ANOVA results for interindividual variation in fre­
quency measures and note or syllable number within a song type
Song
N Frequency measures
Number
type Birds Songs Minimum Maximum Range Midpoint of notes
01 3 32 * * * * *
02 3 26 * * * •ft
03 9 232 * * * * *
07 3 111 * *
08 3 81 * * * *
09 4 53 * * *
10 3 48 * * * *
11 6 69 * * * * *
13 3 28 * * * * *
14 2 53
15 5 85 * * * * *
18 1 33 N/A N/A N/A N/A N/A
20 2 40 * * *
22 5 85 * * * * *
25 6 18 •k * * * •k
26 2 42 * * * * *
31 3 16 * * * * *
38 1 7 N/A N/A N/A N/A N/A
47 1 21 N/A N/A N/A N/A N/A
*Denotes significance at the p < 0.5 level.
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Table 9. Mean (+sd) frequency measures and mean (+sd) note 
or syllable number of each song type as sung by individuals.
Song
Frequency measures
Number
type Bird N Minimum Maximum Range Midpoint of notes
01 44 5 2.9
(0.1)
7.8
(0.1)
4.9
(0.1)
5.4
(0.1)
7.6
(0.5)
08 18 3.0
(0.1)
7.0
(0.3)
4.1
(0.2)
5.0
(0.1)
9.4
(0.5)
05 9 3.2
(0.3)
6.4
(0.1)
3.2
(0.3)
4.9
(0.2)
6.6
(1.1)
02 08 21 3.2
(0.1)
7.3
(0.1)
4.1
(0.1)
5.3
(0.1)
7.3
(0.8)
03 03 23 2.8
(0.1)
8.0
(0.2)
5.2
(0.3)
5.4
(0.1)
10.1
(0.5)
01 27 2.9
(0.1)
7.7
(0.2)
4.9
(0.2)
5.3
(0.1)
10.0
(0.8)
10 20 2.9
(0.3)
7.8
(0.5)
5.0
(0.6)
5.4
(0.3)
9.2
(0.3)
14 135 3.6
(0.1)
7.8
(0.2)
4.2
(0.2)
5.7
(0.1)
8.0
(0.4)
76 7 3.4
(0.1)
7,6
(0.05)
4.3
(0.2)
5.5
(0.1)
9 .6 
(0.5)
07 05 11 3.3
(0.1)
6.9
(0.1)
3.5
(0.2)
5.1
(0.1)
7.0
(0.9)
14 97 3.5
(0.1)
6.8
(0.2)
3.3
(0.2)
5.1
(0.2)
6.6
(0.9)
08 14 61 3.5
(0.2)
8.7
(0.2)
5.2
(0.2)
6.1
(0,2)
4.3
(0.5)
91 11 3.6
(0.1)
8.2
(0.2)
4.6
(0.2)
5.9
(0.1)
4.8
(0.4)
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Table 9 continued.
Song
Frequency measures
Number
type Bird N Minimum Maximum Range Midpoint of notes
09 01 23 3.4
(0.1)
6.8
(0.2)
3.4
(0.2)
5.2
(0.1)
4.1
(0.5)
10 26 3.3
(0.2)
7.0
(0.3)
3.8
(0.2)
5.2
(0.2)
3.1
(0.3)
10 03 36 3.5
(0.1)
8.2
(0.2)
4.8
(0.2)
5.9
(0.1)
8.4
(1.0)
74 9 4.0
(0.1)
8.3
(0.2)
4.2
(0.3)
6.2
(0.1)
7.9
(1.4)
11 91 11 5.5
(0.1)
8.2
(0.2)
2.6
(0.2)
6.9
(0.1)
7.0
(0.0)
72 28 5.2
(0.3)
8.1
(0.2)
2.8
(0.2)
6.9
(0.1)
8.4
(0.9)
14 17 5.2
(0.1)
7.7
(0.1)
2.6
(0.2)
6.5
(0.1)
8.3
(0.9)
13 07 18 3.6
(0.2)
8.4
(0.2)
4.8
(0.2)
6.0
(0.2)
5.4
(0.5)
61 7 4.1
(0.1)
9.2
(0.1)
5.1
(0.1)
6.6
(0.1)
4.3
(0.5)
14 06 43 4.7
(0.1)
8.7
(0.1)
3.9
(0.2)
6.7
(0.1)
4.3
(0.5)
08 10 4.8
(0.1)
8.7
(0.1)
3.9
(0.2)
6.8
(0.1)
3.9
(0.4)
15 06 31 4.7
(0.1)
8.2
(0.4)
3.4
(0.3)
6.5
(0.2)
4.0
(0.2)
08 11 4.7
(0.1)
7.6
(0.1)
2.9
(0.1)
6.2
(0.1)
4.0
(0.0)
64 17 4.2
(0.1)
8.5
(0.2)
4.2
(0.2)
6.3
(0.1)
4.0
(0.2)
10 25 4.2
(0.1)
8.0
(0.3)
3.9
(0.3)
6.1
(0.2)
7.6
(0.8)
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Table 9 continued,
Song
Frequency measures
Number
type Bird N Minimum Maximum Range Midpoint of notes
16 76 6 3.8
(0.2)
7.4
(0.1)
3.6
(0.2)
5.6
(0.1)
6.2
(0.4)
02 13 4.0
(0.2)
7.8
(0.1)
3.8
(0.2)
6.0
(0.1)
4.9
(0.4)
95 7 3.3
(0.2)
8.5
(0.1)
5.2
(0.2)
5.9
(0.2)
4.9
(0.4)
69 12 3.4
(0.1)
7.0
(0.1)
3.6
(0.1)
5.2
(0.1)
6.9
(0.3)
18 10 33 4.4
(0.1)
8.5
(0.2)
4.1
(0.2)
6.5
(0.1)
5.9
(0.3)
20 54 31 3.3
(0.1)
7.5
(0.1)
4.2
(0.2)
5.5
(0.1)
5.1
(0.2)
55 9 3.3
(0.1)
6.7
(0.1)
3.4
(0.1)
5.0
(0.1)
5.0
(0.0)
22 02 25 3.3
(0.1)
6.9
(0.1)
3.7
(0.1)
5.1
(0.1)
6.1
(0.3)
91 12 3.7
(0.1)
7.5
(0.5)
4.0
(0.1)
5.7
(0.1)
7.9
(0.3)
66 43 3.6
(0.1)
7.7
(0.1)
4.1
(0.2)
5.7
(0.1)
9.0
(0.3)
25 66 9 4.1
(0.1)
8.8
(0.1)
4.7
(0.2)
6.5
(0.1)
9.2
(0.8)
26 68 11 3.6
(0.1)
7.8
(0.1)
4.2
(0.2)
5.8
(0.1)
8.0
(0.0)
78 31 4.3
(0.2)
9.0
(0.2)
4.7
(0.2)
6.7
(0.1)
8.4
(1.1)
31 66 9 3.3
(0.1)
7.4
(0.1)
4.1
(0.1)
5.4
(0.1)
8.7
(0.5)
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Table 9 continued.
Frequency measures 
Song   Number
type Bird N Minimum Maximum Range Midpoint of notes
38 77 7 3.4 
(0.4)
6.9
(0.3)
3.5
(0.7)
5.2
(0.2)
7.4
(0.5)
47 97 21 3.6 
(0.2)
7.9
(0.3)
4.3
(0.4)
5.8
(0.2)
7.5
(0.7)
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all Subset A birds were analyzed together. The associations were not 
significant, however, for analyses of the individual birds (Table 10).
Environmental contexts. Song type and height category were signifi­
cantly associated for both height measures using all Subset A birds 
combined. There were no significant associations for any of the 
individuals (Table 10).
Song type and BVEG were significantly associated for all Subset A 
birds combined, but no such association existed when individual birds 
were considered separately (Table 10).
Song type and vegetation density at all height levels (ground, low 
shrub, high shrub, canopy) were significantly associated for all Subset A 
birds combined (Table 10). When I analyzed the data for individuals 
separately, I found no significant associations except for that between 
density of green vegetation at the high shrub level and song type used by 
Bird 14 (p = 0,01) (Fig. 21). This bird sang song type 03 proportionately 
more in areas with higher shrub vegetation densities.
There was a significant association between temperature and song 
type when all birds were combined for analysis and when Bird 10 was 
analyzed (p < O.OOl). Analyses of the other individuals were not 
significant (Table 10).
Song type use and both cloud cover and relative amount of wind were 
significantly associated for the grouped analysis, while none of the 
individual analyses were significant (Table 10).
Behavioral context. The use of song type in association with behavior 
was significant only when all birds were grouped for analysis, not when 
individuals were tested separately (Table 10).
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Table 10. Chi-square values and significance levels from tests of association between 
song type and various contexts. Values underlined were significant at the 0.05 level.
3C/)C/)o'30
5CD
8
(O'3"
13CD Context
x' values
01 03
Individual 
06 07
birds
08 10 14
All birds 
combined
"nc3.3"CD Time of day 3 categories 1.06 0.00 1.80 * 7.52 7.25 6.49 169.75
CD■DOQ.
2 categories 0.01 0.00 0.25 * 4.29 0.79 4.90 29.07
C
ao3 Height in meters 0.46 0.00 0.37
* 2.26 6.68 4.41 213.77
■DO3" relative 2.31 0.12 0.02 * 2.46 8.12 4.58 160.59
<—HCDQ.
$ ground 0.01
* * * * * 4.48 88.09
1—H3"Oc Vegetation low shrub 0.04 * 0.01 * * 1.56 3.11 58.94
"OCD density
3C/) high shrub 0.04 0.00 0.01
* 0.42 2.80 8.54 76.57
C/)o'3 canopy 0.34 * 0.26 * 0.56 1.56 0.46 55.68
BVEG 0.87 0.49 1.08 * 2.13 9.93 4.82 189.91
Ln
00
■a
II
Table 10 continued.
C/)
o '3
2,
CP
8
c5'Zi3
CP
CP
■o
Ica
o
3
■o
o
&
oc
C/)
o '
3
values
Individual birds
Context 01 03 06 07 08 10 14
Weather temperature 3.02 0.02 0.67 * 12.13 26.43 13.77
cloud cover 5.84 0.14 1.10 * 2.43 1.66 0.46
wind 3.58 0.01 * * * 1.66 1.25
behavior 0.69 0.01 0.08 * 2.15 1.03 0.31
*Too few variables to calculate a Chi-square.
All birds
319.06
88.02
ui
vO
60
Figure 21. Song type use by Bird 14 at high vs. low high shrub densities 
N = 260.
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Environmental Contexts of Song Frequency Measures
I calculated the means of the sound frequencies of songs sung by 
birds in locations of high vegetation density and determined if these 
were significantly different from the means of songs sung at locations of 
low vegetation density. I first examined the differences using all songs 
from all birds. Secondly, I examined the differences at the level of 
individual birds. Thirdly, I examined differences within a song type, 
using all songs of a particular type from all birds that sang that type.
The mean minimum, maximum and midpoint frequencies of all songs re­
corded from all birds at locations with high vegetation density at the 
ground and low shrub levels were significantly lower than the means of 
songs from birds at locations with low vegetation density at those levels 
(Table 11). The mean frequency measures of songs recorded from birds at 
locations with high vegetation density at the high shrub level, however, 
were not significantly different from those of songs from birds at loca­
tions with low density at that level. The mean maximum and midpoint fre­
quencies of songs recorded from birds at locations with high vegetation 
density at the canopy level were significantly higher than those from 
birds at locations with low vegetation density at the canopy level. There 
were no significant differences in mean frequency measures between songs 
recorded in situations of low vegetation density surrounding the bird 
(BVEG) and situations of high density surrounding the bird.
Some of the means of frequency measures of songs recorded from single 
individuals at locations of high vegetation density at the ground and low 
shrub levels were significantly lower than those of songs recorded from 
the same individuals at locations of low vegetation density at those 
vegetation levels (Table 12).
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Table 11. Means of frequency measures (in KHz) of songs from 
birds recorded at locations with either high or low vegetation 
density at various vegetation levels. Grouped data were used 
for the analyses.
Vegetation level
Frequency
measure
Vegetation 
dens ity Ground
Low
shrub
High
shrub Canopy BVEG
LOW 4.1* 3.9* 3.7 3.7 3.7
Minimum
HIGH 3.7 3.7 3.8 3.8 3.7
LOW 8.1* 8.0* 7.8 7.8* 7.8
Maximum
HIGH 7.8 7.8 7.8 7.9 7.8
LOW 4.0 4.2* 4.1 4.1 4.1
Range
HIGH 4.1 4.1 4.1 4.1 4.1
LOW 6.1* 6.0* 5.8 5.8* 5.8
Midpoint
HIGH 5.8 5.8 5.8 5.9 5.8
^Denotes significance (t-test) at the 0.05 level
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Table 12. Number of individuals (of the six 
tested) in which there was a significant difference 
in the means of frequency measures of their songs 
from locations with low vs. high vegetation density 
at various vegetation levels.
+ denotes significant positive relationship 
- denotes significant negative relationship
Vegetation level
Frequency Low High
measure Ground shrub shrub Canopy BVEG
Minimum 1- 1- 1-
frequency
Maximum 1-
frequency
Range of 1-
frequency 1+
Midpoint 1- 1-
frequency
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Similarly, the means of frequency measures of many of the 20 
individual song types recorded from birds in situations of high vege­
tation density were significantly lower (t-test, p < 0.05) than those 
from birds singing the same type in situations of low vegetation 
density (Table 13).
Height and Behavior of Birds in Relation to Singing
The proportionate distribution of singing activity at different
heights varied with the behavior of all birds combined. The heights of
2birds that sang while sitting were significantly greater (y = 184.3, 
p < 0.001) than were the heights of birds that sang while actively forag­
ing (Table 14). Considering individuals separately, the patterns were 
significant and similar to that above, except for Bird 08, which was 
most often recorded singing while sitting at the lower heights of 0-5 m 
(Table 15).
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Table 13. Proportion of song types for which the 
means of frequency measures of songs at locations 
with high vegetation density were significantly 
different from those of songs at locations with 
low vegetation density (t-test, p < 0.05).
+ denotes significant positive relationship 
- denotes significant negative relationship
Vegetation level
Frequency
measure Ground
Low
shrub
High
shrub Canopy BVEG
Minimum .20- .15- .10- .05-
frequency .10+ .10+ .05+ .05+
Maximum .05- .40- .40- .05- .15-
frequency .05+ .05+ .10+ .15+
Range of .05- .30- .35- .10- .20-
frequency .05 + .05+ .05+ .15+
Midpoint .05- .40— .30- .05- .20-
frequency .05+ .05+ .05+ .10 +
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Table 14. The number of songs (in % of total) sung 
at different heights in association with behavior, 
using songs from all birds.
% sung at each height 
Height (m) Sitting Foraging
(n = 549) (n = 393)
0—5 13.5 54.5 23.5 <0.001
5-10 70.3 33.8
>10 16.2 11.7
^d.f. = 1.
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Table 15. The number of songs (in % of total) sung at 
different heigjits in association with behavior: individual
analyses.
% sung at each height
2 1Bird # Height Cm) Sitting Foraging X P
01 ( n = 2 6 )  (n = 63)
0-5 77.8 41.9 <0.001
5-10 100.0 22.2
>10
03 (n = 49) (n = 14)
0-5 2.0 85.7 41.6 <0.001
5-10 98.0 14.3
>10
06 (n = 58) (n - 43)
0-5 22.9 <0.001
5-10 100.0 62.8
>10 37.2
07 (n = 21) (n = 32)
0-5 23.8 90.6 21.8 <0.001
5-10 76.2 9.4
>10
08 (n = 56) (n = 42)
0-5 78.6 83.3 18.4 <0.001
5-10 16.7
>10 21.4
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Table 15 continued
% sung at each height
Bird # Height (tn) Sitting Foraging 2X pi
10 (n = 86) (n = 11)
0-5 63.6 64.4 <0.001
5-10 79.1
>10 20.9 36.4
14 (n = 122) (n = 54)
0-5 40.7 57.6 <0.001
5-10 82.8 44.4
>10 17.2 14.8
^d.f. = 1
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Chapter IV 
DISCUSSION
Despite the American Redstart’s singing versatility, most published
accounts have described all of their songs as belonging to one of two or
three major groups. These have been designated song patterns by some
authors (Borror, in Gris com and Sprunt 1957) and song types by others
(Thayer, in Chapman 1907, Ficken 1962, Ficken and Ficken 1970). "Three
constant types" which seem to form the basis for all the variations are
mentioned by Thayer (in Chapman 1907) and three different songs with
"unique individual renditions" are described by Cruickshank (in Griscom
and Sprunt 1957). More recent publications describe only two major song
types or patterns (Borror, in Griscom and Sprunt 1957, Ficken 1962,
Ficken and Ficken 1962, 1965, 19 70), but do still mention the large amount
of variability that exists:
The songs of this species . . . are subject to a great
deal of variation; one bird may sing songs of several 
different types. The songs are of two general patterns: 
in one the song consists of 4-7 similar notes or phrases, 
with a louder and lower-pitched note at the end; in the 
other the song consists of a series of 2-8 similar
phrases, without the lower note at the end.
(Borror, in Griscom and Sprunt 1957, p. 36). These two patterns were re­
ferred to as song types by Ficken (1962) and designated the Accented End­
ing (hereafter referred to as AE) type and the Unaccented Ending (here­
after referred to as UE ) type. These two terms have also been used to 
describe the songs of the Yellow Warbler (Ficken and Ficken 1962, 1965, 
1970; Morse 1966, Bankwitz and Thompson 1979), the Magnolia Warbler 
(Ficken and Ficken 1962), and the Chestnut-sided Warbler (Ficken and
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Ficken 1962, 1965, 19 70; Lein 1978) and have become firmly entrenched in 
the parulid song literature. Most of the work on which the original de­
scriptions were based, however, was done without the aid of recordings or 
sonagraphic analysis. This resulted in an underestimation of the amount 
and kind of variability in the songs of some of these species. The songs 
of the Chestnut-sided Warbler were recently studied by Ross Lein (19 78) 
who, through the use of sonagrams and extensive recording, discriminated 
five song types and stated that additional types probably exist. He used 
"Accented Ending" and "Unaccented Ending" designations for four of the 
types and "Jumbled Song" for the fifth. He used these terms in order to 
facilitate comparison with previous work and stated that the prior lack 
of detailed sonagraphic analysis, absence of long-term studies, and use 
of.unmarked birds "resulted in an oversimplified view of the song varia­
tion in the Chestnut-sided Warbler." My analysis of song variability in 
the American Redstart indicates that the same case could be made for 
this species , even though its two song types have been said to be 
"well-defined" (Ficken and Ficken 1965).
Some of the 20 song types I have described from my sample of the 
redstart song population in western Montana fit the AE-UE criteria. 
Sonagrams of Type 22 and Type 09 reveal that they are similar to the AE 
and UE types published by Ficken and Ficken (1970) (Fig. 22). However, 
there are other types, most notably those in groups G and B (Figs. 13 
and 8), that do not fit easily into these two categories of song types 
or patterns. Type 25 (Fig. 13) has a definite end portion, but this 
ending is higher than the rest of the song and is not emphasized 
(accented). Type 20 (Fig. 8) increases in emphasis towards the end of 
the song, but there is no structurally distinct ending. Similarly,
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Figure 22. a and b are Accented Ending and Unaccented Ending songs 
from birds recorded by Ficken and Ficken (1970). A and B are 
similar songs from western Montana birds.
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neither of these types could be described as a "series of 2-8 similar 
phrases, without the lower note at the end", known as the UE song. On 
the other hand, even though songs in groups A and C ^  consist of a 
series of similar phrases, they are quite different from each other in 
terms of how they sound due to differences in syllable shape, frequency 
measures, and spacing between syllables. To label both UE song would be 
to ignore these important differences.
I advocate eliminating the use of "Accented Ending" and "Unaccented 
Ending" as labels for the songs of the American Redstart because these 
terms fail to adequately describe all of the song variations of this 
species.
I also believe caution should be used when applying these terms to 
the songs of other warbler species. There are some situations, similar 
to that in the redstart, where there are probably more song types than 
can be meaningfully classified into only two groups (Lein 1978). There 
are other situations in which some confusion exists as to which songs in 
different species are the AE ones and which are the UE ones. The sonagrams 
in Figure 23 are of songs from a Chestnut-sided Warbler and a Yellow 
Warbler. They are extremely similar, however Lein (1978) has labeled 
the Chestnut-sided song as AE and Bankwitz and Thompson (1979) have 
labeled the Yellow Warbler song as U E .
Different functions have been attributed to the AE and UE songs in 
the warblers as a whole. Kroodsma (1981) stated that the AE song type in 
warblers is less variable than the UE type, is used more for territorial 
advertisement early in the breeding season, and is more species-specific 
in form. The UE type is more variable, less species-specific, and used 
more often later in the season when territorial defense and species
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Figure 23, Comparison of "AE" and "UE" songs from Chestnut-sided 
and Yellow Warblers. Song A is a Chestnut-sided Warbler song labelled 
"Accented ending type 2" by Lein (1978). Song B is a Yellow Warbler 
song labelled "Unaccented ending" by Bankwitz and Thompson (1979).
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identification are presumably less important considerations. Ficken and 
Ficken (1965) have also stated that, in reference to Chestnut-sided 
Warblers, Yellow Warblers, and American Redstarts, the AE song is more 
species typical and possibly maintains reproductive isolation. The UE 
type is similar in several Dendroica and is probably more primitive.
They also mention that the AE song of the Yellow Warbler is especially 
different. The results of Bankwitz and Thompson (1979) substantiate the 
hypothesis that AE song may function in species recognition. They found 
only four different forms of AE songs in the Yellow Warblers that they 
studied. There were 60 different forms of UE song. They suggest that the 
UE songs could aid in the process of individual recognition.
These hypotheses concerning similarities in song types and their 
functions of different species need to be reexamined in light of several 
factors: 1) there are the inconsistencies I mentioned earlier regarding
which songs are labeled AE and which UE, 2) some species have types other 
than the AE-UE types, 3) I have found that the "AE" songs of some of the 
species are not as species-specific as previously thought. Figure 24 
shows sonagrams of songs I recorded from a Yellow Warbler and a first- 
year American Redstart. These birds appeared to be counter-singing to 
each other. Their songs are quite similar, although both have been 
described as the AE song of their respective species.
Additionally, the Fickens did not do extensive recording or a sona­
graphic analysis, and many of the songs upon which Kroodsma based his 
hypothesis were from tapes at Cornell University library and were 
probably not systematic or complete samples of song variations in those 
species.
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Figure 24. Comparison of songs of a Yellow Warbler (song A) and an 
American Redstart (song B).
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Along with the confusion generated by inconsistencies and inade­
quacies in the use of "AE" and "UE" to describe the songs of some 
warblers, there are differences among researchers as to what level of 
variability should exist before song variations ought to be labelled 
separate song types as opposed to variants of one type (see discussion 
of "The Unit "Problem" in Krebs and Kroodsma 1980). The earlier workers 
tended to lump many variations into the major groups they called types or 
patterns. These factors resulted in an oversimplified outlook on warbler 
song variability. I have chosen, instead, to use the term "song type" to 
denote a group of songs in which there is, at most, only slight variation 
in both the shape of the notes or syllables comprising the song type as 
well as its overall structure. The individual songs, all of one type, may 
vary in the number of notes and syllables, or in pitch, but the structure 
of the notes (or syllables) themselves is quite stable (except for those 
rare cases where syllable types could be placed on a continuum of structure) 
Different renditions of the same song type by different birds— even 
those separated by a large distance— are remarkably similar (Fig. 18).
This method of denoting song types based on consistency of note and 
syllable structure, rather than lumping into more general, larger groups 
based on similarity in only one aspect of a song (such as a certain type 
of ending), has been utilized more in recent publications (Kroodsma 1971, 
Slater and Ince 1980). It seems to be the most meaningful method for 
the redstart because the song type level is that at which stereotypy 
occurs. Ihe individual note or syllable types are unique to their respec­
tive song types in almost all cases in the redstart; i.e., the individual 
song types seem to be stereotyped as units, and are perhaps learned as 
such. This is different from the situation in some of the other warblers.
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The song figure (or syllable) is the smallest unit of songs in the Yellow 
Warbler (Bankwitz and Thompson 1979). The same figures may be shared by 
different song types if they are arranged in a different order. There 
are also some Yellow Warbler songs that differ only in the presence or 
absence of a certain type of ending (Fig. 25). This indicates that 
stereotypy of Yellow Warbler songs occurs at the level of the song figure 
(syllable) rather than at the level of the whole song as appears to be 
the case in the redstart. I found only rare examples of redstart songs 
missing their endings and these all appeared to result from interruptions 
of the singers. At the end of the breeding season, after the young had 
fledged, I recorded two songs from Bird 14 that might be called combina­
tion songs (Fig. 26), those using syllable types from two of the other 
song types. However, this was possibly due to disruption of song organi­
zation from waning hormonal levels or lower motivation coinciding with 
the end of the breeding season.
The advantage of stereotypy at the song type level in the redstart 
is unclear and beyond the scope of this study. We need to know more 
about how songs are acquired, from whom learned, and how much of an innate 
component there is to their songs before that question can be answered.
Discussions of bird song often mention the motivation for singing. 
Different motivations for, or internal states correlating with, the song 
types of warblers have been proposed by several authors (Ficken 1962, 
Ficken and Ficken 1965, 1970, Morse 1966, Lein 1978). The motivations 
and internal states of Yellow Warblers, American Redstarts, and Chestnut­
sided Warblers are suggested by the differential use of certain song 
types corresponding to the singing bird's position in relation to its 
territorial boundaries, its distance from other conspecific males, and
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Figure 25. Songs of Yellow Warblers (from Bankwitz and Thompson 1979) 
Songs A and D are AE songs. Songs B and C are songs that lack the end 
note Cu e songs).
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Figure 26. "Combination" song consists of syllable types from song 
types 07 and 08 of Bird 14. The song was recorded on August 10, 1979
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the time of the breeding season (Ficken and Ficken 1965, Lein 1978).
Lein (1978) suggests that all of the types of the Chestnut-sided Warbler 
carry the same identifying messages ("breeding male Chestnut—sided 
Warbler") but that each type represents a different internal state:
AE songs portray a "confident" bird, UE and Jumbled Songs, an "insecure" 
bird. He could arrange types in a series from high volume types that 
carry long distances (AE) to low volume, short-distance types (UE) and 
that the same arrangement of types reflects songs given most often from 
the centers of territories to those given most at the edges. He found that 
the correlation was so good that he could predict behavioral changes 
based on observation of changes in song type use. This is possible be­
cause the Chestnut-sided Warblers tend to sing one type repeatedly before 
switching to another type, which they then sing repeatedly. The situation 
is quite different in the American Redstart. The great majority of song 
bouts of redstarts with repertoires of more than one song type consist of 
alternation among types. Ficken and Ficken (1965) stated that only in 
certain circumstances, i.e., before female arrival, immediately after 
territorial encounters, or late in the breeding season, did redstarts use 
a single type almost exclusively. The rest of the time they usually 
alternated among types in one bout. This is similar to what I found; and 
due to the alternation of types, it is very difficult to assign a specific 
motivation to a specific type (Ficken 1962). However, Ficken does say 
that the AE song probably reflects a greater attack tendency and the UE 
song a lesser attack tendency. I agree that it is difficult to assign 
motivation to song types in the redstart because 1) the birds alternate 
among types in almost every song bout, 2) the one bird I recorded often 
and that sang only one song type used that type (which would fit the UE
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description) at many different locations and while engaged in several 
behaviors ranging from sitting, to preening, to foraging.
Although the use of specific song types may not reflect the motiva­
tion or internal state of a redstart, it is possible that other features 
of songs, e.g., volume or intensity, may do so (see discussion in Lein 
1978).
Unfortunately, I observed territorial interactions only rarely and 
cannot contribute more information on the use of songs in those situations. 
Collecting information on song use in relation to social contexts, loca­
tion in territory, and distance from other birds was beyond the scope of 
my study. Therefore, I also cannot add more definite information on the 
existence of motivations for or internal states associated with songs in 
the American Redstart.
The lack of significant associations between the song type used by 
individuals and the time of day indicates that if there are different 
motivations or internal states associated with the different song types, 
these states are not associated with a particular time of day.
Similarly, the use of particular song types was not associated with 
the general behaviors of sitting and foraging. This is in contrast to 
the Black-throated Green and Blackburnian Warblers, which use a different 
song when foraging than they do when singing while sitting at an exposed 
perch (Morse 1967). This also contrasts with the Ovenbird which rarely 
sings at all while foraging on the ground (Lein 1981). The significance 
of these differences among species is unknown. Most studies of the songs 
of birds seem to concentrate on groups of birds and their use of specific 
songs. When one talks of the use of AE songs, for example, one is talking 
about how they are used by the species or population as a whole. In some
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situations this is valid. For example, in the Chestnut-sided Warbler 
all of the males in a population tend to share the same song types (Lein 
1978), so discussions of the use of certain song types by the group are 
probably also meaningful at the level of individual birds.
In my study of the American Redstart I have tried to focus on the 
uses of particular song types by individuals. A relatively small group 
of birds sang many different song types. Additionally, almost every bird 
had its own unique repertoire of song types. Therefore, I felt that the 
only way to legitimately describe use of song types in certain situations 
was to analyze results on an individual level.
I also did analyses at the group level and found that for nearly 
every factor investigated, there was a significant correlation between 
song type use and the parameter examined while at the individual level 
there was rarely more than one significant correlation. The significant 
associations for the analyses based on grouped data are due to the combined 
effects of two factors: 1) the above-mentioned uniqueness of individual
repertoires, and 2) the unique characteristics of each bird's territory 
and/or the unique conditions under which it was recorded.
Bird 03, for example, was the only bird that sang song type 10. This 
bird also did not have any trees in its territory. Song type 10 was thus 
associated with situations in which the canopy cover was low.
It is also possible for variation in bird songs to be a result of 
adaptation of songs to different acoustic environments. Some attention 
has been focused lately on the propagation of animal sounds and the 
possible adaptations of them to the environment through which they must 
travel (Konishi 1970, Morton 1975, Waser and Waser 1977, Wiley and 
Richards 1978, Bowman 1979). When a sound travels through "pure air".
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or isotropic conditions, the sound loses energy at a rate of 6dB/ 
doubling of the distance travelled (Konishi 1970). This energy loss is 
called attenuation. The attenuation is due to spherical divergence of 
the sound energy and the isotropic conditions are used as "baseline" con­
ditions to which one can make comparisons of the effects of various ex­
ternal parameters on the attenuation of sounds. A loss of energy in 
amounts greater than 6dB/doubling of distance is "Excess Attenuation" 
(Morton 1975, Marten and Marier 1977). A sound which suffers Excess 
Attenuation will not travel as far without losing its boradcast integrity 
as will a sound propagated under isotropic conditions.
The main factors that have an effect on the distance a sound will 
travel while maintaining its broadcast integrity are: absorption, re­
fraction, reflection, diffraction and scattering of the sound beam 
(Appendix).
One of the primary effects of these factors is that of attenuation. 
Additional effects are the masking of modulation (altering of modulated 
sounds), atmospheric absorption of certain aspects of the sound (certain 
wavelengths being absorbed more readily than others under certain condi­
tions), and scattering of the sound beam which disrupts the integrity of 
the sound. The greatest effect of these factors occurs at distances 
greater than 100 ft. (Morton 1975). One would expect, then, that those 
songs used for long-distance communication would be under the greatest 
selective pressure to adapt to those environmental conditions that affect 
sound propagation. Many songbirds, including redstarts, have territories 
with diameters greater than 100 ft. and their songs may thus be undergoing 
selection for characteristics that enhance long-distance signalling.
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The distribution of song dialects in the Rufous-collared Sparrow 
correlates with the distribution of habitat types in northwestern 
Argentina (Nottebohm 1969, King 1972, Handford and Nottebohm 1976,
Handford 1981). It is unclear, however, (as Handford points out) if 
the association of song type with vegetation type is due to adaptation of 
specific song types to the specific acoustic environment of each habitat, 
or if there is some other factor invovled. The different habitats are 
occupied by different avifaunas and perhaps the dialects represent convergence 
with other species’ songs "under the stimulus of interspecific communication" 
(Handford 1981).
A more definite relationship of song dialects reflecting adaptations 
to the acoustic environments in which they occur has been shown in Darwin's 
Finches on the Galapagos Islands (Bowman 1979). Through the method of 
experimentally broadcasting a broadband frequency spectrum in the dif­
ferent environments and determining which aspects of the broadcast sound 
were most altered, Bowman could demonstrate which features of the songs 
associated with the habitats reflected adaptations to them.
One of the important environmental parameters to consider when dis­
cussing sound propagation is the density of green vegetation in the habi­
tat where a sound is produced. In the tropics the songs of forest oscines 
are different from those of birds living in edge or open grassland habitats 
(Chappius 1971, Morton 1975). The major differences are that forest songs 
have lower emphasized frequencies and more pure tone-like sounds than 
either edge or grassland songs. The assumption is that the lower fre­
quencies in general would travel farther through vegetation because the 
longer wavelengths are able to bend around objects in their paths.
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In all temperate habitats the Excess Attenuation of sound increases 
with an increase in frequency of the sound (Marten and Marier 1977).
However, the effect is greater in deciduous forests with leaves when 
compared to fields. Forest sounds, then, are subject to greater selective 
pressure to be lower in frequency than are field sounds. Konishi (1970) 
also reported that animals on the jungle floor should use sounds of a 
wavelength greater than the average diameter of obstacles in the environ­
ment. Reflection, diffraction and absorption all reduce the distance the 
shorter wavelengths can travel.
Those studies described above either concentrated on comparisons of 
songs given by different species in the different habitats, or were only 
determining the effects of habitats on experimentally produced sounds.
The problem with comparing differences between species is that it is 
difficult to control for other variables that could be responsible for 
the correlations of song characteristics with habitat differences. A 
better approach is to compare differences among and within song types 
sung by one species in different habitats. Wasserman (1979) studied the 
songs of White-crowned Sparrows in two different types of habitat in New 
Hampshire. He found that higher-frequency songs were associated with the 
field environments and lower-frequency songs with the forested environ­
ments. These results are what one would predict given the information 
that has been obtained from work on sound propagation.
I looked at the use of different song types by individuals in different 
environmental situations. Most of the individual redstarts in a group of 
birds I recorded most often occupied territories with a patchy distribution 
of green vegetation. If a particular song in an individual's repertoire 
were better-suited for sound propagation through dense vegetation than
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were other types, then perhaps a bird would sing the more effective song 
more often in the denser parts of its territory. There was only one in­
dividual for which there was a significant association between song type 
and density of green vegetation, and this was for only one vegetation 
level (high shrub). I, therefore, suggest that individual birds are not 
adjusting their use of song types in response to changes in the vegeta­
tion structure parameters I measured. The significant association for 
Bird 14 probably does not reflect use of a more acoustically efficient 
song type in a certain environmental situation. If the use by Bird 14 
of type 03 more often in the denser parts of its territory were a result 
of the song being better for sound propagation, then it should reflect 
adaptations to that effect. Actually, the opposite was true: type 03
was higher in frequency, had a wider range of frequencies covered, and 
had more trill-like notes than the other types that Bird 14 used. These 
characteristics are all the opposite of what one would expect for sounds 
that are propagated in denser situations . The significant association could 
instead be the result of 1) the large sample size, or 2) an association 
with some other factor that also varied with vegetation density at the high 
shrub level.
Although redstarts do not seem to be adjusting their use of specific 
song types in response to changes in density of green vegetation, it is 
possible that they may be adjusting other features of their songs. The 
frequency measures of all songs recorded at low vegetation density were 
significantly different from those recorded at high vegetation density 
and these results are not inconsistent with this hypothesis. There was 
a significant decrease in the mean minimum, maximum and midpoint 
frequencies corresponding with an increase in vegetation density at the
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ground and low shrub levels. This would be expected if redstarts are 
altering their songs in response to vegetation density. The mean maximum 
and midpoint frequencies increased with an increase in canopy cover. This 
increase or frequency corresponding to increased canopy cover could be 
expected, however, since with an increase in canopy cover, there is a 
corresponding decrease in vegetation cover at the lower levels of most 
forests. These lower levels are the ones used by the redstarts for sing­
ing. There were no significant differences in mean frequency measures 
corresponding to changes in vegetation density at the high shrub level.
I have no explanation for this inconsistency.
There are two possible factors responsible for the significant dif­
ferences in frequency measures at different vegetation densities. One 
possiblity is that those birds which happen to sing in a lower pitch are 
found in the denser territories. The fact that there were many signifi­
cant differences in mean frequency measures of particular song types 
corresponding with higher vegetation density lends support to this 
possibility. These same results, however, could also support the second 
possibility: that individual birds are altering the frequency or pitch
of their songs in response to differences in vegetation. The only way 
to discriminate between these two possibilities would be to examine fre­
quency differences within one song type of one individual. My observations 
of single individuals in situations with differing amounts of green 
vegetation were too few to perform such an analysis.
The height from which a song is sung has a strong effect on the 
distance over which it will travel without suffering Excess Attenuation 
(Marten and Marier 1977). The heights associated with the greatest 
attenuation in any habitat studied by Marten and Marier were 0-1 m. This
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was due mostly to interaction of sound waves with the ground. For de­
ciduous forest with leaves, they also found the greatest Excess Attenua­
tion from 0—1 m. Sounds emitted from 2—5 m were subject to the least 
excess attenuation. From 5—10 m, excess attenuation increased with in­
creasing height. One could predict from these results that the best 
height for vocalizing in forested habitats would be from 2-5 m.
My results showed a clear preference by redstarts at all sites to 
sit and sing at heights of from 5-10 m. I used only songs recorded while 
birds were sitting because singing (or perhaps being seen) would pre­
sumably be the primary concern in this situation and the bird would choose 
the best place for this activity. This is in opposition to a bird that 
is foraging while singing when finding food would presumably be of primary 
concern, not the best location for sound propagation. The heights at 
which redstarts most often sang while sitting (5-10 m) are not those that 
would be predicted given Martin and Marier*s data. However, upon reading 
descriptions of their study sites one could determine that the habitats 
were least dense at heights of from 2-5 m. In my study areas, the canopy 
was usually greater than 10 m and the shrub layer tended to end at from 
5-6 m. Therefore, 5-10 m heights would be those with the least amount of 
green vegetation below the canopy and perhaps the best for sound propaga­
tion. Certainly, this layer would be freer from the effects of diffrac­
tion and scattering by leaves, etc. The redstarts are choosing singing 
locations that are the least dense in terms of green vegetation. Whether 
they are doing so in order to see or be seen better, to propagate their 
songs from the most acoustically effective location, or as a result of a 
combination of these two factors is unknown.
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The last environmental parameter I tested was the weather. Stratifi­
cation of the air, and air turbulence due to heating of the ground, and 
the resultant effect on air temperature, greatly affect sound propagation, 
as also does wind (Wiley and Richards 1978), I found no correlation of 
song type use and weather conditions. This is not unexpected, however, 
because weather effects, especially air stratification and turbulence due 
to temperature conditions as well as disruption of sounds due to wind, are 
mediated in forest habitats.
It is possible (and perhaps more probable since redstarts alternate 
use of types in almost all song bouts and since there are so many dif­
ferent types) that the use of different song types by redstarts does not 
result from different motivations or internal states, or from adaptation 
to various environmental conditions, but results merely from some selec­
tive pressure for variability in general. The more kinds of sounds an 
individual can produce may give it some sort of advantage. It has been 
shown in some species that increased variability in songs results in 
greater stimulation of females (Kroodsma 1976). In other species, the 
individuals with larger repertoires pair earlier than those with smaller 
repertoires (Howard 1974, Catchpole 1980, Yasukawa et al. 1980). Perhaps 
the same associations could be demonstrated in the American Redstart.
I have found that the individual redstarts that sang more song types 
per bout sang more often (in prep.). Perhaps there is also an advantage 
to producing more sound per unit time ; and due to possible habituation 
from repeated exposure to the same sound, a multi-song repertoire allows 
for more performance time per singing bout, as predicted by Hartshorne’s 
Monotony-threshold Hypothesis (1956, 1973).
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Finally, there is the possibility that a larger repertoire may 
confer an advantage in male-male interactions (Krebs 1977, Krebs et al• 
1978, Yasukawa 1981).
All of these possibilities could be fruitfully investigated by 
further examination of song variability in the American Redstart,
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APPENDIX
Absorption:
Attenuation ; 
Diffraction:
"Includes (l) the dissipation of sound energy as other 
forms of energy either in the molecules within the medium 
itself or in substances that form the boundaries of the 
medium and (2) the reduction of sound energy in a particular 
medium by transmission into other media at the boundaries." 
(Wiley and Richards 1978).
LesseningJ or dilution, of sound energy..
Deflection of sound waves in a medium at the edge of an 
object of differing impedence.
Excess
Attenuation:
Reflection:
Refraction:
Any attenuation greater than that caused by spherical 
divergence of sound energy under isotropic conditions.
Return of sound waves from the boundary between media of 
different impedences.
Deflection of sound waves as they move between media of 
different impedences.
Scattering: "Complicated deviation of waves by refraction" (Wiley and
Richards 19 78).
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